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SYMBOLS 


b wing span, m (ft) 

c wing chord measured parallel to the plane of symmetry, m (ft) 

C pressure coefficient, P. - P /q 

p X- S 00 

c t horizontal tail chord measured parallel to the plane of symmetry, m (ft) 

c mean aerodynamic chord of wing, 2/sJ* b ^ 2 c 2 dy, m (ft) 

Cp drag coefficient, drag/q^S 

Cp ram drag coefficient, Wv/gq^S 

ram 

Cj jet momentum coefficient, Fg/q^S 

C L lift coefficient, lift/q^S 

rolling -moment coefficient about stability axis, rolling moment/q^Sb 

C pitching-moment coefficient about 0.40 F, pitching moment/q SF 

yawing-moment coefficient about stability axis,, yawing moment/q^Sb 

Cy. side-force coefficient about stability axis, sideforce/q^S 

F^ static (wind off) incremental axial force due to flap deflection with 
power on, N (lb) 

F gross thrust with engine alone, N (lb) (obtained statically) 

8 

F static (wind off) incremental normal force due to flap deflection with 
power on, N (lb) 

F r resultant force /F 2 + F 2 , N (lb) 

g acceleration of gravity, 9.81 m/sec 2 (32.2 ft/sec 2 ) 

i horizontal tail incidence, deg 
t 

local static pressure, N/m 2 (lb/sq ft) 

% 

P g free-stream static pressure, N/m 2 (lb/sq ft) 

P w free-stream total pressure, N/m 2 (lb/sq ft) 
q free-stream dynamic pressure, N/m 2 (lb/sq ft) 

l oo 
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5 wing area, m 2 (sq ft) 

v free-stream air velocity, m/sec (ft/sec) 

W engine inlet weight rate of flow, kg/sec (lb/sec) 

WCP wing chord plane 

y spanwise distance perpendicular to the plane of symmetry, m (ft) 
a angle of attack of fuselage, deg 

6 aileron deflection, deg 
a 

5 horizontal tail elevator deflection, deg 
e 

<5 deflection of Coanda plate trailing edge measured parallel to the plane 
* of symmetry, deg (see fig 4 2(d)) 

6 trailing-edge second flap deflection measured parallel to the plane of 

symmetry, deg (see fig. 2(d)) 

6 jet exhaust deflection angle wind off, tan -1 F N /F A , deg (average value) 

j 

6 slat deflection, measured parallel to the plane of symmetry, deg 
s 

6 spoiler deflection, measured parallel to the plane of symmetry, deg 
sp 

n wing semi span station, y/ (b/2) 

n spanwise extent of Coanda plate surface, y/(b/2) 

n f flap system static turning efficiency, FR/Fg (average value) 

( ) uncorrected 
v 'u 
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WIND TUNNEL INVESTIGATION OF A LARGE-SCALE UPPER SURFACE 
BLOWN-FLAP TRANSPORT MODEL HAVING TWO ENGINES 

Kiyoshi Aoyagi, Michael D. Falarski and 
David G. Koenig 

Ames Research Center 
and 

U.S. Army Air Mobility R§D Laboratory 
Moffett Field, Calif., 94035 


SUMMARY 


An investigation has been conducted to determine the aerodynamic charac- 
teristics of a large-scale subsonic jet transport model with an upper surface 
blowing flap system that would augment lift. The model had a 25° swept wing 
of aspect ratio 7.28 and two turbofan engines with the engine centerline 
located at 0.256 of the wing semispan. The lift of the flap system was aug- 
mented by turbofan exhaust impingement on the Coanda surface. Results were 
obtained for several flap deflections and engine nozzle configurations at jet 
momentum coefficients from 0 to 4.0. 

Three-component longitudinal data are presented with two engines operating. 
Limited longitudinal and lateral data are presented with an engine out. In 
addition, limited exhaust and flap pressure data are presented. 


A maximum C 


Vax 


value of 11.5 at a jet momentum coefficient of 4.0 was 


obtained with an engine exhaust nozzle that provided a maximum jet exhaust 
total pressure close to the wing and flap surfaces. A Coanda surface that 
extended from 0.11 to 0.43 of the wing semispan was determined to provide 
optimum lift values. 


INTRODUCTION 


The principle of augmenting lift by directing the jet exhaust over the 
wing upper surface and turning it over the deflected flap by the Coanda effect 
is currently being considered in some powered-lift transport designs. One 
reason for this consideration is the possibility of noise reduction due to wing 
shielding. Earlier investigations of the upper surface blowing concept have 
been reported in references 1 and 2 for aerodynamic characteristics and in 
reference 3 for noise characteristics. Since these investigations were based 
on small-scale models with simulated jet exhaust, additional investigations 
are required at higher Reynolds numbers with a realistic jet exhaust wake that 
corresponds to present-day turbofan engines . 
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To fill this need an investigation was undertaken in the Ames 40- by 
80-foot Wind Tunnel with a large scale upper surface blown-flap model. The 
aerodynamic and noise characteristics of a large-scale 25° swept-wing transport 
were obtained with two turbofan engines mounted on top of the wing. Only the 
aerodynamic characteristics of the model will be presented in this report. 

The noise characteristic data will be reported separately. Results were 
obtained with several flap deflections and engine nozzle configurations at jet 
momentum coefficients from 0 to 3.0 in most cases. The data were obtained at 
Reynolds numbers from 1.8xl0 6 to 3.0x10 s , based on a mean aerodynamic chord of 
1.69 m (S.S6 ft) and at dynamic pressures from 153 to 460 N/m 2 (3.2 to 9.6 psf), 
respectively. 


MODEL AND APPARATUS 


A photograph of the model in Ames 40- by 80-foot Wind Tunnel is shown in 
figure 1. Pertinent dimensions of the model are given in figure 2(a). The 
model was equipped with two JT15D-1 engines. This model is the same as that 
reported in reference 4 except for the trailing-edge flap system and the four 
engines located below the wing. 


Wing 

The wing had a quarter chord sweep of 25° , an aspect ratio of 7.28, and 
an incidence of 0°. The airfoil section had an NACA 63 2 A214 thickness dis- 
tribution at the root tapering linearly to an NACA 63 2 A211 thickness distri- 
bution at the tip. The ordinates of these sections are given in table I. The 
upper surface of the wing was modified from n = 0.11 to 0.48 in order to provide 
a better fairing between the engine nozzle and the Coanda surface as shown in 
figure 2(b). 


Leading-Edge Slats 

Full span leading-edge slats were used to delay the wing leading-edge flow 
separation as shown in figure 2(c). A 0.19 c slat was deflected 48.5° from 
n = 0.08 to 0.19, and a 0.25 c slat was deflected 50° from n = 0.33 to 1.0 with 
respect to the wing chord plane. The slats were attached to the wing leading 
edge throughout the investigation. 

Trailing-Edge Flap System 

The basic flap system had two flap segments with fixed pivots as shown in 
figure 2(d). The flap system extended from n 0.11 to 0.75 and consisted of the 
first and second flap of a triple-slotted flap configuration used in reference 4. 
A detachable Coanda plate surface was installed over the double-slotted flap 
from n = 0.11 to 0.48 with breaks at n - 0.15, 0.34, 0.39 and 0.43. Separate 
Coanda plates were used to provide a jet flap deflection, 6^., of 30°, 55 q , and 
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75°. A .254 m (.834 ft) chord extension was added at the trailing edge of the 
Coanda plate used for 6^ = 75° to give 6^ - 90° . 

A 0.10 c plain spoiler hinged at 0.725 c formed part of the shrouded trail- 
ing edge when undeflected and extended from n = 0.51 to 0.75. The spoiler was 
deflected 30° above the wing surface during the investigation. 


Aileron 

A slotted aileron extended from n = 0.75 to 1.0 and was deflected 20° 
parallel to the plane of symmetry throughout the investigation as shown in 
figure 2(d). The aileron is the same one reported in reference 4. 


Propulsion 

The JT15D-1 engines were housed in nacelles as shown in figure 2(b). The 
engines have a bypass ratio of 3 and a normal maximum gross thrust rating of 
2200 pounds. The nacelle centerline was coincident with the engine centerline 
and was pitched up 1° with respect to the wing chord plane. The centerline 
was located at n = 0.256 which was the same as the inboard engine centerline 
location of reference 4. 

The nacelle contours are defined in figure 2(e). The maximum frontal area 
was .67 m 2 (7.25 ft 2 ) with an overall length of 2.60 m (8.54). 

The nozzle configurations investigated are shown in figure 2(f). The 
investigation was primarily concerned with nozzles B, B with deflector, and D. 
Nozzle A was tested wind off only. Nozzle C was similar to nozzle D but deflec- 
ted with increasing thrust, and no data are presented for this configuration. 


Fuselage 

The fuselage had a constant 1.2 m (4.0 ft) diameter except at the nose 
and tail. The nose section had an elliptical outline with circular cross 
sections that decreased from 1.2 m to smaller diameters. The tail section 
tapered from a 1.2 m circular section to a small elliptical section. 

Two fuselage fence configurations were investigated to prevent possible 
engine exhaust cross flow over or under the fuselage as shown in figure 2(g). 
The fence located behind the flap and close to the bottom of the fuselage is 
designated configuration 1. The fence located on top of the fuselage is 
designated configuration 2. 


Tail 

The geometry of the horizontal and vertical tails is described in 
figure 2(a). These tails are the same ones used in reference 4. The 
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horizontal tail detail is shown in figure 2(h). The horizontal tail incidence 
end elevator deflection were set at 0° when the tail was on during the investi- 
gation. The vertical tail was on the model throughout the investigation. 


CORRECTIONS 


The data were corrected for wind tunnel effects . These corrections were 

lift of the model (C£) that 
been subtracted from the data 


+ a )] 
u 1 


C = C + .025 C, (horizontal tail test only) 
m m L 

u 

The Cj values were based on the calibrations of the left hand engine 
static thrust variation with engine fan rotational speed with the engine alone 
as described in Appendix A. The right hand engine static thrust was assumed 
to be equivalent to that of the left engine alone thrust plus the difference 
between the static thrusts of the right and left engines measured when instal- 
led on the model. 6j and nf values used in the corrections are shown in fig- 
ures 4(a) and 4(b). These values were obtained from wind off normal (F^) and 
axial (Fa) force measurements with the engine installed on the model operating 
in the wind tunnel. The resultant thrusts (F R ) were divided by the engine 
alone static thrust values to compute ri£ values. 

The data that are presented in this report are not corrected for ram drag. 
In order to determine this, the variation of ram drag with Cj for the nozzles 
investigated are shown in figure 5. 


determined by considering only the aerodynamic 
resulted after the jet reaction components had 
as follows: 


C L " °L ' "f c J I,inC! j 


a = a + .4175 C T ' 
u L 


C D ■ C D - .0073 C 

U 


»2 


TESTING AND PROCEDURE 


In most cases, forces and moments were measured through an angle-of-attack 
range of -8° to 26°. Tests were conducted at Reynolds numbers of 1.8xl0 6 to 
3.0><10 6 , based on a mean aerodynamic chord of 1.69 m (5.56 ft) and at dynamic 
pressures of 153 to 460 N/m 2 (3.2 to 9.6 psf ) , respectively. Force measure- 
ments to compute 6j values were obtained in the wind tunnel with the wind off 
prior to the wind on tests. These measurements were recorded at two or three 
power settings with one engine operating in most cases before air re-circulation 
could be generated in the test section. 
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Tests With Constant Cj and Varying Angle of Attack 

Two engines operating— A constant Cj was maintained as angle of attack 
was varied for each flap and nozzle configuration investigated. The nominal 
Cj values used in most cases during the investigation are as follows: 

Cj (2 engine) q, N/m 2 q, psf 

0 230 4.8 

.5 
1.0 
2.0 
3.0 

The variables tested were nozzle configurations, spanwise extents of the 
Coanda surface, jet flap deflections, spoiler deflection, and fuselage fence 
configurations. Tests were conducted with and without the horizontal tail. 

One engine operating— Tests were conducted with the left engine out with 
nozzle B and 0.15 m gap deflector. The data were obtained for one case with 
the Coanda surface removed behind the engine-out side. For the other case the 
Coanda surface was left on behind the engine-out side. 


Tests With Constant Cj and Varying Angle of Sideslip 

A constant Cj was maintained at a u = 0° and 8°- as sideslip, 6 was varied 
from 4° to -19°. Tests were conducted with nozzle D at ^ = 75° and 90°. 


RESULTS AND DISCUSSION 


The static turning efficiencies (rif) and static turning angles (6j) for 
the nozzles investigated are shown in figure 4. Figure 5 shows the variation 

of Cn with C T for the engine nozzles investigated. The jet exhaust total 
ram « 

pressure distribution at the engine centerline behind the nozzle and at the 
flap trailing edge are shown in figure 6. The lateral total pressure distri- 
bution behind the engine exhaust nozzle is shown in figure 7. The basic aero- 
dynamic data obtained from this investigation are presented in figures 8 through 
25. An index to these data is given in table II. The flap chordwise surface 
pressures behind the engine centerline are shown in figure 26. Figures 27 
through 30 are summary plots that show the variation of C. with C. at a = 0* 
and at C L . 

max 


Static Turning 

In most cases the 6j and nf values shown in figure 4 were obtained with 
only the left hand engine operating. The results obtained with the right hand 
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engine aline were nearly the same as those obtained with the left engine 
alone. 

With the addition of a deflector (0.15 m gap) behind nozzle B the 6j 
value increased from 46.5° to 58° at 6f = 75°. However, the nf value decreased 
from 97% to approximately 90%. Similar results were obtained with nozzle D. 

The improvement in 6j was coincident with the movement of the maximum jet 
exhaust total pressure toward the wing and flap surfaces (see figure 6) . These 
measurements were obtained from pressure rakes located behind the left engine 
and at the flap trailing edge as shown in figure 2(b). A fairly uniform exhaust 
total pressure distribution across the nozzle span was obtained with nozzle D 
and with nozzle B and 0.15 m gap deflector as shown in figure 7. These mea- 
surements were obtained from the single engine test described in Appendix A. 

A slightly higher 6j value (66°) was obtained with two engines operating 
simultaneously at the same power setting compared to 62° with a single engine 
operating (see fig. 3(b)). As indicated from surface flow observation this 
probably resulted from the jet exhaust spreading over the top of the fuselage 
for one engine operation, whereas this spreading was limited to the model plane 
of symmetry for two engine operation. 


Variation of Lift Coefficients with Jet Momentum Coefficient 

at o = 0° and C L 

max 


The effect of the deflector behind nozzle B on the variation of Cl and Cj 
is shown in figure 27. The increase in Cl values was significant with the 
deflector at 0.15 m gap because of the higher value and the movement of the 
maximum jet exhaust total pressure toward the wing and flap surfaces (see 
fig. 6). Additional improvements in Cl and values (approximately 7% at 

Cj - 3.0) were obtained with nozzle D compared to the values obtained with 
nozzle B and 0.15 m gap deflector as shown in figure 28. A maximum C L 
value of 11.5 at Cj = 4.0 and 6^ = 75° was obtained with nozzle D. mdA 


The effect of the Coanda surface spanwise extents on the variation of Cl 
with Cj is shown in figure 29. A loss in Cl and (7% at a = 0°, 3.5% 

at CL max for Cj = 3.0) values resulted when the spanwise extent of the Coanda 

surface was decreased from Tic = 0.11 to 0.39 to n c = 0.15 to 0.39. Slightly 
higher Cl and C^ values were obtained when the spanwise extent of the 

Coanda surface was increased from n c = 0.11 to 0.39 to n c = 0.11 to 0.43. The 
lift values were nearly the same when the spanwise extent of the Coanda surface 
was increased from n c = 0.11 to 0.43 to n c = 0.11 to 0.48. 


The effect of the fuselage fence configurations that were investigated on 
the variation of C L with Cj was small as shown in figures 30(a) and 30(b). 
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APPENDIX A 


An accurate engine static thrust calibration could not be obtained with 
the engines installed on the model during the wind tunnel tests because the 
flaps could not be retracted. Therefore, static thrust and jet exhaust total 
pressure survey measurements of the engine alone were conducted at the Ames 
static test facility site after the wind tunnel tests were completed. The 
left engine and nacelle configuration was removed from the model and was instal- 
led on a platform that was attached to three load cells as shown in figures 3(a) 
and 3(b). The engine nozzle configurations and areas were duplicated by adding 
an extension plate under the nozzle exit. This plate was contoured to match the 
wing upper surface behind the engine nozzle of the model. The engine center- 
line was leveled and was located 3.14 m (10.30 ft) above the ground. 

The thrust valves as a function of fan rotational speed were obtained for 
nozzle B, B and 0.15 m gap deflector, and D. In addition the jet exhaust total 
pressures were surveyed laterally for the latter two nozzle configurations. Some 
of these data are presented in figure 7. 

The static engine thrust calibration for nozzle B and 0.18 m gap deflector 
was assumed to be equivalent to that of the engine alone with nozzle B plus the 
difference between the thrusts obtained with the two nozzles measured with the 
engines installed on the model. 
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TABLE I.- WING SECTION CONTOURS OF ROOT AND TIP SECTIONS 
(other sections obtained using straight line elements 
between these sections) 




** i 

y/c. 

% c 


x*/c, % c 

Section at 
wing root (n - 0) 

Section at 
wing tip (n = 1.0) 


Upper 

Lower 

Upper 

Lower 

0 

0 

0 

0 

0 

0.55 

1.356 

— 

1.060 

— 

0.88 

— 

-1.275 

— 

-0.998 

1.00 

1.748 

-1.358 

1.379 

-1.061 

3.00 

2.957 

-2.324 

2.363 

-1.785 

5.00 

3.802 

-2.962 

3.055 

-2.259 

8.00 

4.774 

-3.662 

3.852 

-2.776 

10.00 

5.304 

-4.032 

4.288 

-3.065 

12.50 

5.873 

-4.419 

4.757 

-3.329 

15.00 

6.357 

-4.741 

5.157 

-3.562 

20.00 

7.127 

-5.232 

5.796 

-3.915 

25.00 

7.680 

-5.558 

6.258 

-4.143 

30.00 

8.045 

-5.740 

6.566 

-4.265 

35.00 

8.220 

-5.772 

6.721 

-4.273 

40.00 

8.217 

-5.662 

6.730 

-4.174 

45.00 

8.046 

-5.422 

6.604 

-3.978 

50.00 

7.730 

-5.071 

6.358 

-3.699 

55.00 

7.288 

-4.633 

6.010 

-3.357 

60.00 

6.738 

-4.137 

5.572 

-2.999 

65.00 

6.091 

-3.643 

5.053 

-2.643 

70.00 

5.363 

-3.149 

4.465 

-2.286 

75.00 

4.574 

-2.655 

3.824 

-1.929 

80.00 

3.742 

-2.161 

3.138 

-1.573 

85.00 

2.839 

-1.667 

2.382 

-1.204 

90.00 

1.912 

-1.173 

1.605 

-0.859 

95.00 

0.971 

-0.679 

0.814 

-0.503 

100.00 

0 

-0.185 

0 

-0.146 


♦Chordwise distance from wing leading edge parallel 
to model plane of symmetry. 

**Distance above wing reference plane-positive up- 
perpendicular to wing reference plane. 
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Figure 5 f , deg n 
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TABLE II. - LIST OF BASIC DATA FIGURES - CONTINUED 
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TABLE II 


LIST OF BASIC DATA FIGURES - CONCLUDED 

















Figure 1.— Photograph of the model as mounted in the 
the Ames 40- by 80-Foot Wind Tunnel. 
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(a) Photograph of the JT15D-1 engine at the 
Ames static test facility site 


Figure 3.— Single JT15D-1 engine static thrust stand installation. 



Aftztir A v#rw 



























&> £ } $*7S*(x ( S>4/A 

/vV vs*. £>. ■+- mxhav*/- fr<*s4j*x. nat/A p34< ; Af? &*ajpc. 

Jar/u**/ #*- -t/zz/c ofarf uwtr/dsp h-rntfatf^tafye. } ■=<, *£$ 













AMES RESEARCH CENTER 













NASA 






























2.00 3 . DC 4.00 5,00 0.00 T.OO 8.00 9. DO 



L&vgS-twi/foaJ cAvrvc/es'/sfScs cf Me *tux/c/ iv/M vtzz/c & j <£ = 7^ 9b .4&) y 1*// a/F . 


f?jur< 9 















TEST 1426. RUN 72. 


LljuiOii 




Ijiigii:::: 
■Ei'S-i’ 


iffl 

lilt 

uphrui 

■I iiS| 

miu 


la! 


:K]| 

::m: 

La 1 .* 


HI 


::i i 


||lpl 


m 

ml 


is 


iUliluJXilEUIISBSi 


liililllililiyillililjlilli 

MBflH B— 
■HKilRIlilipijlll 

IlillipSK 

mPim 


m 


UffiSl 

m 


i 


PllililillU 

Hgiamgin 

ill! tillliJIiilil 

wmm 


liSHMilinp 


uiHiiJn 

mm 

urn 

ill 

mmw 


»J:iS 


iiiiiiiii 


pHiiiii 

imHMI 

HI I 


aiiiBiiiiiii gj 

■p 


Km 

iilUfill 


aiMraii 


Kiimilil 

mvm 


111 


nun 

■liiniiiH 

rnmmm 




SI! 


mm 


HHHHHiiliH 




llHlilrJ 


IBSHR? 
pBgHl 
.Mill 
iHBnnBil 

■■■pH 

mml 


lilpl 

mmm 
lues 


IlM 

warn 


fSlSlH! 
KsiiEi: 


«■■■■■■ 

Mimas 


Sea 


wmn 


IBB 

DHemnuiifFB 


m 


j.uu ii.yu 


mmKKM 

liiigHfniaa 




8.00 J 16.00 2*4.00 32. op 2.00 1.00 0 

fllqHfl CM 


IBM AH 

mms 

IhhISS 
I HP 


U^-H . 00 

w 


C<Z> -// fa -43 . 

Ffjvre // ♦ “ J-oncft c/tcfracterisHc* of Me **<></*/ w/rti n az.-e.fa 3 a#a/ a./£»7 afef/eafat- se\/cr&/ sjvfavv/sc exfaafaf 

Cov*<ft* xvrfaees) Sr~75* f fa// off. 





DO * 



TEST H2B. HUH 25. 


iuiKEuilsutiiHhii iiimiihit 


jj@ai l jlij| jigigj|jjjliOiijiS iS ll iffl^HHi 

■aaii—BMMM-BMgiaaa 




mmmm 

MKflUnHH 

mii 

i 19 


iiSis 


MM. ii t!h: 

Sanaa 

ggiMM._ 

HMnBaBasas 

MMMMMMMMMI 


laiiSiii 

lisiKQMii iy 


BtiniU 


mm 

■■PKiiRI 


iiilili 


iiliiiiiili 


IWIiti 

inn 


iUfifil 


IftuutKiuiiijiuEE 


ISHe jll:l i|||i ilgj jj jncHi j StaeaciBBlSsiaHin iiiiaiinaiHiilidi 




mmm 

BSilill 


iiiiiil 

mill 
Lliiiill 


mm 

MPi 

m 

•i f! 


ES 3 Sl!S^jil« 


iiliSiiiM 
BiaiSSBi 

MH^MMMMMMHMi 




|H 9 MBSiHiai 


ins 


mm 


S Hini 

■ill 


mmmmm, 


ISKiilii 



mmm 




HgliH MMBBgi 


PPSSMMMMI 

lUSBiiliSiaBBiii liliiim iMI 



£ 


Eli 





BtUit 







mvM%\ 





UMlEGHi 


mmmm 

MH 



i lilt 


HI! 

Mil! 
Hill 
UK 
ISfltE 


iEMMi 

JMSiML... 

llallKif 
-JniHnu 

mmmmmmmmmmmamsmmmmmmm 


Li 


yo 


I Dili!!! 

■H hi; 

III! 


It: 

h 

111 

pin 

liiii 
!!lli!l 


ii 

Ii 


Mi 

4111 


l!H| 

luiin 


Hiii 


mm 

iilj 


-2.00 -1.00 0 1.00 2.00 -8.00 0 
CD 


.00 I 16.00' 2<4_00 32.00 2.00 1.00 0 

RLFjHfl CM 


1.00 fK-2.00 


Ft'qurc ft . — jLo+Tcti-fi/dui&f cA<?r oc ft r Jjfvc s of ff?t mode/ kv/YA fvx e fk^cc : OMficfurorfro* / joozz/e B twJM d,/S~/»*<r* def/ccft^ 

S; = 7*'(% c «.✓/*> 48) , -$r* 44) to// off. 








Lonjif c/xyr&cfcr/s &f the moa/e./ */f/A ^£t/f £>^* Sp* SS m (%j' .// /* *¥$}j Z7.5>^ faj/ o/f* 



6.00 24.00 32, DO 2,00 1 . QD 0 

CM 


id -i.ao a i'.od 2 . oo -s.aa o' a.ao | ie.oo 

CD HLfjHfl 

(a) £ * 2 ./*/to c of Q * 4 . 0 $ 

Figure /F.~ o/taroc T* rl* tros of ft* snook/ tv/& notx/e D } Mi* #&)> £ t * fy/f off. 


L .00 ^- 2.00 

Sd 





-2. DO - 1 . DO 0 

CO 


8.00 I 16.00 24.00 

PLFjHfl 

( 6 ) ■?» 3.6 */ 0 6 
Ffjur* SSI - Conc/udzd . 


32.00 2.00 


1.00 0 
CM 


- 1 . 0 0 sJ-2.00 

o 



.00 U.DQ S. DO 6 , 00 7.00 8.00 9.00 10.00 




TEST H26. RUM 93. 


jjjlijjjil 

flmai! 

lllllfeggai 
ir-njHUKl 




idcis^l 

iiiFSlHlP 

::::::: 
issssa: 

limy 


m 



m 


p=! g^^igsgggjgjliilillll 


k:S5 ■=:? 


55S5 


liilinU 


K!iijiS ' 


IgglMggglgi 

gSajljm 


iiisiiiioHiiMBi 


iSiPiigepi§pfl 

laaMH 

linm iMBnui 

aaMBWH asgafflEaBs m 

15 k! if gfi JM iSingfi HUr»j j w-ij HiK 

ilii 


i sSiiaBuiw 


KjHBtennhj 
e»:itniijtii;S;::g 
iimuimu:::::: 


liiisiiig mimm 


asnun* 

MMTtltl 


rasui 

IPilill 

urn 

Hi 

m 


iii 

urn*:: 


iilililili 


iiiiy 


mdmt 

rail 


iilill 


mam 


?:>^nun 





iiilliSlIOSigjjiililiiyi^illiiii 


lliiliiiilililiililliililiii 
iiiiiiiii!iii!iih;i 


Uu»u 

uiiimi 

SiiHte 


jHHIHHSili 






SfHiis 

SEtmj 


BnniB 

BfillUp 


giliyiiiigyiHs; 


J 

WmmssaSM 

HHHETnii 
HBBHHiTl B«B» 

MMHHI 1 1 ■ 


Iffi 


Illllll^iliiilSIliig ill 

MBBflPHBBHMI 


yji!!l!!illijiji!jiHi3titijg|;i 

SiiMi 


£H 5 :a mn him m j;«g: asj j^-ia 


mmmma 


mmmmm km ixt; 
insinssiiiisMiiusffiK 


9AIUFV. 


ejjja 


Ki-aa 


m\M 
m!« 


IBHii Eint^til MfeMInn imuiU ki &■£ 1 K»f|« 

Ijilaji^giiiilijg^ijjO [ jjj 

Iii 




■ !fm KqnuiiumiiKl 


lEiKri 

■iiijL 


lISiBllgtlilS 






mn\ 


IUH1 


pi.rrfirn 

nTimdiB 


nikl&i: 

SUB*!! 


iissiyiiigilB 

HHPliiHHHHHBH 


fSBfiiiHHHH 


iii Lil.L..^ kj.JHW 

■lilllljlllijwmlsl 


liiSBSiimiRii 

:!:!!!!!!!!!!!!!!!?: 


t[|]Ul| 

iff 1 Ri :i | 


IPjgji 


*!£!= =55 

aKK.iH 

mm 


HHji! 


jg 

ilm 

Hoi I 

[IHIOiiiii 

nil nil ml 

iiiiHiiiiHi 

i iiljili 
■iii! 


!:!: 


ik : u 
llSiiiuiii 


ifl iuiiiik 

jjjiijjj 


11 

l£i! 






liiiiiiil 


1< 


: :! ! 


iii 


■Hum 

mm 


Iilill? 


Sllliiii 

llill 


liliEbliyi! 

mmi 


inaumtmtii 
■■iiiiiu 


■my 

jinmti 

Eijiijiji 

III 


ii iiiilitii 


nil 


rp® 


n 


Siam ! 

miin 


1KI 

iiii i 


Iii! !: 


RLqliR 


-2.00 

*0 


Q>) “■ —so*S°* 

Ffjjwr* J 6 * — Cosje/uded . 


TEST 426 * RUM 101 . 


Ill :!!!:!!!::£ 

ptsr]i::i::E: 


| liiiiiilt:!;: 


liili 


I wnwmm 

uuiHlll:::: 

:c:il 

m 


I !!■! 


IUM 

■IS! 

ufiJUEJj 


i HRS^asiinij 
iiiiii iiiiiiii: 

!!!!■ 


piiy 

■pljijj 

H»s iiiS 




I mii 
OKI I 

m 

iwi 
::k J 


iLmSel] 


BPS’En! 

Mfiiiiii 

HiEiiil 

111 

[uhM 


SfiJSfSIJ 

■mtiiu 

jjfliil 

I ill 

iiff 


■HiHilii 

Pislili 


IHiililiiHI 

mms 

tail 


iHiijnH 


MEsjiai nn 

FmijuNI 

tgiflig. Hal iS! 

itiii 
■“5 seOT 

:u;mi 

intEci 

■pSifip! 

aSiiuu iiuiu: 

illOll HIOI:: 


Ipiij 

iiUlill 

iiHiKp 

iHSSk 


liii 


Msssillts 

i oiiiiiji 


111 


iHuliH 


ms 


IwiJiiiii nn] 

IPriiffiiiiiiiijjjjS 

IliiNilli 

!!S"!!!!:!;niiSiiiiKi 


mi hi 

Si 


ii:::::*"::::?:!!: 





sssss :S hSE 2 sbi jk mm 
llllll !:ELh::i !:E:ct£::iii:iiii ii! 


iBSSJIS Hiilllii 


KKit 
riiliiiim 


ill; jijjjj 


iimuit m:;[ 
: !u:eu 

rfiiEn 


Eiiij 

j jis 

5 liiiEEiiiiiiiiimi 

jplijiniil 

iiiiil 


iiajH! 





auu 


SHI 

«ii 




pnaSg ^Sgil 


mmm. 


iil:! 


to:™ R! 

aa\ Rb! 


liuf jiligBaiSKi 


iiiLgogaaBafaHi 




HRRiili.iiLILjPiii ijpiiHM 

iiiMi 


-2.00 -t .00 0 

CD 


ggggiiiH|M 

mmom 


asasl 


IlC'SiijltaOu 


liliii 


w&m 

flininij 

mu 

M*iis 


J.00 2.00 -8,00 0 8.00 | IS. 00 24.00 52.00 2.00 1 00 0 

RLqHfl ' CM 


!!i 

Hi iiiiil 

ijtiii 

i itiii 


||S»E»«! 

liiiiiiiil 


i.oo co -s.oo 

sO 


Figure. /T. - Long* t vat//**/ a A a roc A trtsfros o/ /fie wfte />* xz/e Z> - 


.DO 2,00 3.00 4.00 5.00 G, 00 *3.00 6.00 9.00 10.00 


TEST 426. RUN 111. 



- 2.00 


- 1.00 0 
CD 


(&) flrxe/tyfe ft/9CC trctfso* /. 

&*}«** # t - Lo»jftu4;»<*/ chetrvcf *rM//er ef r%* mode/ vtfM ; *ozz /e 2> } &.*3 ) } j t^C\ 


2.0C 3.00 4.00 5.00 6,00 7.00 a . DO 9.00 



<j$J Fuzc/agc. fksicj^ covfty ustt/'/w 2 . 

/refuse J& . do*tcS<-/ c/ea/ . 


TEST 426. RUN 95* 





0.00 I 16.00 


i.oo cp “ 2 ‘ 00 

Q> 


Fijvre *7 . - Lonj/fudS/u*/ QActnrc+er/xf/c* of Me znceft / *vi+A z^c/M^^kf/ecMxf j s?&z.z/e by •** & 44$ * -5o t 


00 ’ 


ZHEZH::: 

it«eiss2 

HiLH! 

jiijjijij 

i ll 

iiiiiitji 

jijjmiij 

iiiUiHM 

lllmliii 

iitiittiil 

iiiiiiiHa 

SL“ji!iy 


iii 

::: :::::::: :::a kjs: 

ih-iliiaa 

najjijjiiiiij 


Mi:; si^h 


| ^:nx:c 

Mm 


I seal Sr:: 

\~AVm 


i nifiii! 

isnss 

lunui 


SSSHtiiisi 

sgBSBi 


nniiHWBisni 


I Ufijltiil 
■essaS 


I iiHiliii 


iBmiH i 

ItHsim 


m 


lbs! 


milt a: 

HSiin 


:>:i 


rijjppjpgj^nSjj: 


ZZ!!SllH!ZI 

iiainniim 

.aiiiuiuiui 


■■U 


:::::::::::: 


jjjjijijjujh 




ifesiiliiBiiiiiiili 




I luSnSii 

!* 3 gja:j iaji_! 


R::K:G^ea; 

S 33 n!!: 3 !:a»: 




~ 5 :r 


ene 


ajljjHHiHH isiiijaSrg nni~y 5 R !?!?!■ 


asiBSffiEisi 


iaSisSiEiaiJuiiEES 


BS9 

iii!! 


■mm 




HisHiliUrrl 


gni SESHH i 


HtmcUKH 

ssmsSrti 




HHSffiu 


a Esi 


umm 




IM isllil- ilSil 


mmm 


u:us 




mssE 


ugijfijig 


mi 


mm 


9 wm 

■nnniE 


SKijttji 


EHxZS 


aSEglj 


&sygaj 


:t"i tiiijii iii 

iliiiiHS 
■■Si! 


IRSi5H»BB*wKI 


plain 


ijSijiSSi 


EcuiiuKHH 


iSiS iluxSiii E3a Siii ::::: 


■ tUi 

miiGH 

ikiuu 




iii 


KlicSuuSEaSiSniuaEEEi 
j 8 ijiiss:pk:::K[SEa| 


iniiii 




m 


B^2£BBii£imH£!SE£3i 

M^S!SS3Sia3EESaEiHBfll 

, 3£^BgngffiaESMiSH@BM 

iuiinigmgmjjinjjljg^^guiim^ns^i^Bnrn^rrTrHpfTi^^Hi 


■mil 

lililiiiiHEi 


m 


jjijjrsjHa|jjjlijLi|jlli^lP^ ll^ ^Kij^^l 


isliLHBila 


uitumS 


:!U!E!H!!!!!UiSl! 

MnigihiiHiinna 


mmmi 


Hssssa 


iimmu 

SiHiiiiuisu 

mmm 

mpH 

rdsHliFiliEiSfi 


EZHSig 

■WtumflB 

ihmhi 


BSSi 


xRiai 

IkiHS 

si is 

Mm 

]||{UK 


sc-iiin nnsjH 
uitnti usiini 


SiiiitiitiiSiH 


Mskj 

mm 

a ll 

■H 

■ESSSE* 

IE5S8HHB 

msmssm 



jmifj 


Ijiil 

iPil 

HSHMinra 


csusa 

nisi- 


^2H 


mmm 


sSiii! 


S K5 

^B>cn 


ISil 


msisiSSSSiiissiiiiiegi^iiHB! 
i i!iiiissaas3BssaB^rr’.‘;r--j:--' i .- i ^ 


E,r:: a 

Eiitii- 


iUaSi«3«SSuj IMW fcw Kiwi IjitS »w 

■n-finiisg BisfflujBSfflmuis 




- 2.00 -i,oo o 
CD 


i.oo 2.00 -a . oo 


ISSSi 


Hi n ■■»■•■■■*■**» » a . i 

1 H SESisZiKSH : :: 


liHli 

■pFp‘::jj 

m tuji“ iiiai 
itjii itjj 


:::i sv:i 
H*i» 
i: iii: 


gy^il!!!i! 


BHiiSS 


■Mia ^ 4 iliiriii id* 

iSiiEtSiSiSljlii 
■Kiniiiiluli 


m 


EliKesa 

SBHHmiiiBSSeii 


III: 


:l i: 


it H 

mil 


ms 


flinip 


JEiiKB 
l iffi iii 
ISi'Mi 


iiaan 

:: mm 




oiiin 


iHilUlililS 


ii»! 

is 


is 


■ui 

*351 Hu 




! 1 ‘ 

ill lit 

O iii 

88 


ti 


{gjggggrgji 


nj 


iii! 


uiit 

mi 


ilEml 


B.OO I 16.00 24.00 32.00 Z .00 1,00 

RLfjHfl 


- 1.00 QJ - 2.00 


F'/tjVt* l&yifacfiaat chctrVKfer&hC!* of Me Artoc/*/ kV//A »C£2.M D * ^ *^ 3 ); Olf ^ &4j 0\ 



I 3S g Ui ym rtrn 


pB BpIgEBB^BBggSSigBEiBiE i 


RiitMBB 

mm s 


iilHiilsIlil^^Bli 


[ ■nsiiiisSm 
S3 EH 2™ I =p EHa Sij § 


IliiliHii^^Faeiiii 


pippES^p^gippsaggs^ii^ 

lliilil 


Bnii 


ins 


gSrEpHilil 


SS^iiSiifjE 


■iiasui 

1 rfliO'HB 

l^iiilip 


PiiiiiiiiMiiiiiiiii 

HflritalHipBHBBBEi 

— — B5SSSSS1353 ..— ^ggnr— — 

rraisiisjai 


¥. BBBaBHHHaiHIttl 



:K3 

ig* 


_ __ _ ■C,'E...... T I...,....^ ...1 

HgssiagflBaigi; ijniBBiiilliiiaa 


XX w 

biNtUII 


iiillill 
■Hiiliiii 


iil^liilng!iiLiillli 
■HHHpiiilliii mmmm 


Bis 


■nttran 

HkatSSO 



HiOliilCil 


-2,DD >1.00 0 


■■nmn 

HtiBinut: 

jjfjS 

ssji 


:»»!■ 

t»!i|::j 

pH 

iliiiiili 


|=:: Ecm 
li?:!:::: 


i»}| 

iiic 


SUM 

siEUi 


sin I 

Yti\ 
iiii I 


l.ao 2.oo >8.00 0 a. 00 I is.od 24.00 32.00 2.00 i.od o ~t.oo ui-2.oo 

flLqhfl — ^ 


fvc/fno/ chGfr<7<xfcr/st/cs of M* tnetikA 

Fitfun Zf ~ ^ fa ***<&/ *rW /«/*/ AW e/y/Ht aut • ^m/« ,6 wJM o.jS», jap <jV/«<yV ; 






(k) lafzrof ctierrarctes'/st/cs- of #,e W</. 
F/gure 2 /, — Conc/uo/ee/ . 





- 0.20 - 0.10 - 0.00 0.10 0.20 0.30 

CT 


- 0.20 - 0.10 I - 0.00 0.10 0.20 - 0.20 

I CN 

(i>) Letter?/ cActr&c t*r/s?/cs of fAa tn&c/c/ * 
Picutre ?Z> - Cenc/tsct^cf. 


- 0.10 - 0.00 0.10 ifl 0.20 

ct O' 

















































Figure - 


Vcf/-/orh'c>Ai of s/c/e force } y<f+/in<J'‘**x>rient, erne) follintX- >** s *»**i'f 
coeff Sc tents iv/M s/tfes/sp ‘ noz^Je Z> j Sp*-<?o*(x<f.//fo- < te^y 
44 j if.- <3 v fuse /ctcf e fence (zonficfurttf Son /. 





















ctee/ 

8 \ 


f-Jejure Z4- 






































A8AH 

A3TM30 H0HA383A 23 M A 




























